I 



PCT 

INTERNATIONAL APPLICATION 



INTELLECTUAL PROPE 
International Bi 



UBLISHED UNDER 




(51) International Patent Classification 6 
F16F 15/22 // B63H 21/30 



Al 



(11) International Publication Number: WO 96/06290 

(43) Internationa) Publication Date: 29 February 1996 (29.02.96) 



(21) International Application Number: PCT/DK95/00340 

(22) International Filing Date: 22 August 1995 (22.08.95) 



(30) Priority Data: 

0978/94 



24 August 1994 (24.08.94) 



DK 



(71) Applicant (for all designated States except US): F.L. SMIDTH 

& CO. A/S [DK/DKJ; Vigerslev Alle* 77, DK-2500 Valby 
(DK). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): MADSEN, John, Gram 

[DK/DK]; Sortedam Dossering 41 C, 2. tv., DK-2200 
Copenhagen N (DK). 

(74) Agent: CHAS. HUDE; H.C. Andersens Boulevard 33, DK- 
1553 Copenhagen V (DK). 



(81) Designated States: AM. AT. AU. BB. BG. BR. BY CA CH 
CN. CZ, DE. DK, EE, ES. Fl, GB. GE. HU. IS, JP* KE 
KG. KP, KR. K2, LK, LR, LT, LU t LV, MD, MG, MK, 
MN, MW, MX, NO. NZ, PL. PT, RO. RU. SD, SE. SG. SI, 
SK, TJ. TM, TT, UA, UG. US, UZ, VN, European patent 
(AT, BE, CH, DE, DK, ES, FR. GB, GR, IE, IT, LU, MC 
NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA 
GN, ML, MR, NE, SN. TD, TG), ARIPO patent (KE, MW 
SD. SZ. UG). 



Published 

With international search report. 

In English translation (filed in Danish). 



(54) Title: VIBRATION -COMPENSATING APPARATUS 
(57) Abstract 



A vibration-compensating apparatus for 
counteracting harmonic vibrations from an ex- 
citation source comprises a first compensator 
unit with two rotary bodies (22. 23) rotating 
in opposite directions by the same rpm so as 
to generate a harmonically varying first force 
component in one direction. The apparatus 
comprises furthermore a second compensator 
unit with two rotary bodies (24, 25) rotating 
in opposite directions about axes parallel to 
the axes of the first compensator unit so as to 
generate a second harmonically varying force 
component in a direction parallel to the first 
harmonically varying force component The 
rotary bodies of the first compensator unit and 
the rotary bodies (24, 25) of the second com- 
pensator unit are driven by separate infinitely 
variable driving motors (29, 30). A control 
and synchronizing device controls the driving 
motors (29, 30) of the compensator units so 
that the rotary bodies rotate at an rpm which 
is a multiple of the frequency of the excitation 
source. 
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Title: Vi bration-Compensating Apparatus 



Technical Field 



The invention relates to a vibration-compensating apparatus for counterac- 
ting harmonic vibrations from an excitation source, such as vibrations 
5 generated by an engine of a vessel, said vibration-compensating apparatus 
comprising a first compensator unit with two rotary bodies with the same 
eccentric mass and rotating at the same rpm in opposite direction about 
mutually parallel axes so as to generate a harmonically varying force com- 
ponent in one direction, and a second compensator unit also provided with 

1 0 two rotary bodies with the same eccentric mass, which rotate at the same 
rpm as the rotary bodies of the first compensator unit in opposite direc- 
tions about parallel axes parallel with the axes of the first compensator 
unit so as to generate a second harmonically varying force component in 
a direction parallel to the direction of the first harmonically varying force 

1 5 component. 



Background Art 



DK-B1 -169,848 discloses a vibration-compensating apparatus comprising 
two rotary bodies rotatably journalled about parallel axes and with the 
same eccentric mass, and which through a transmission are intercon- 

20 nected so as to rotate in opposite directions at the same rpm and thereby 
to generate a harmonically varying force component in one direction. Each 
rotary body comprises a rotary body part fixedly mounted on a shaft, as 
well as a rotary body part releasably mounted on said shaft so as to be 
released for rotation. A change of the harmonically oscillating force com- 

25 ponent is carried out by turning the fixed and releasable rotary body parts 
of each rotary body relative to one another which requires that the com- 
pensating apparatus is stopped. 
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DE-C-292,71 1 discloses a vibration-compensating apparatus of the above 
type for compensating for the mass forces of a piston engine. The com- 
pensator units are connected to their respective end of the main shaft of 
the piston engine by means of a bevel gear transmission. In order to allow 
5 a change of the resulting harmonically oscillating force generated by the 
compensator, it is necessary to stop the compensator and consequently 
also the piston engine and replace the rotary bodies or change the phase 
difference between the force components of the two compensator units. 

Brief Description of the Invention 

1 0 The object of the invention is to provide a vibration-compensating appara- 
tus of the above type which allows a change of the resulting oscillating 
force component while said vibration-compensating apparatus is running. 

In satisfaction of the above object the vibration-compensating apparatus 
according to the invention is characterised in that the rotary bodies of the 

1 5 first compensator unit are driven by means of at least one first infinitely 
variable driving motor, that the rotary bodies of the second compensator 
unit are driven by means of at least one second infinitely variable driving 
motor, and that the vibration-compensating apparatus furthermore compri- 
ses a control and synchronizing device for controlling the driving motors of 

20 the compensator units in such a manner that the rotary bodies rotate at an 
rpm which is a multiple of the frequency of the excitation source. 

As a result, by changing the phase difference between the harmonically 
varying force component of the two compensator units, it is possible in an 
infinitely variable manner to vary the total harmonic force component of 
25 the vibration-compensating apparatus between the sum of the force com- 
ponent of the two compensator units and the difference therebetween 
while said apparatus is running. As a result, it is possible while the appara- 
tus is running to adjust the compensation to the vibration conditions apply- 
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ing during changing operational conditions, such as changes in the cargo 
and speed of a ship as well as the weather conditions and the water 
depth. Furthermore, it is possible to use only one of the two compensator 
units, thereby achieving a reduced power consumption or providing an 
5 additional security in case one of the compensator units stops working. In 
addition, the use of two small compensator units, each being driven by at 
least one motor, results in a reduction of the necessary starting moment 
relative to the use of a single large compensator. The latter is of particular 
importance in connection with a compensator with rotary bodies which 
10 rotate in a vertical plane with the result that the eccentric masses thereof 
must be elevated in connection with the starting procedure and during the 
running of the compensator. 

According to the invention, the rotary bodies of the first compensator unit 
may be driven by a single first driving motor and be interconnected by 
1 5 means of a first transmission so as to rotate in opposite directions, and the 
rotary bodies of the second compensator unit may be driven by a single 
second driving motor and be interconnected by means of a second trans- 
mission so as to rotate in opposite directions. 

Moreover, according to the invention, the transmission between the two 
20 rotary bodies of each compensator unit may comprise a releasable connec- 
tion allowing a turning of the two rotary bodies relative to one another so 
as to change their position relative to one another. A change of the relative 
position of the two rotary bodies of each compensator unit causes a chan- 
ge of the direction of the oscillating harmonic force component. Thus, it is 
25 possible to change the direction of the resulting harmonic force component 
without turning the entire vibration-compensating apparatus. 

Furthermore, the releasable connection may according to the invention be 
formed by a releasable coupling, which can be released during the opera- 
30 tion. This embodiment of the invention is particularly advantageous in 
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allowing a change of the direction of the resulting force component of the 
vibration-compensating apparatus during the operation. As a result, when 
the rotary bodies rotate in vertical planes, i.e. about horizontal axes, it is 
possible to start the vibration-compensating apparatus with the rotary 
5 bodies in a position, in which a horizontally resulting force component is 
generated and the starting moment is low, and subsequently to move the 
rotary bodies into a position corresponding to the desired compensating 
direction, for instance vertical. 

Furthermore, each rotary body of the first compensator unit and each 
1 0 rotary body of the second compensator unit may be driven by a respective 
driving motor. In this manner, it is possible during the running of the vibra- 
tion-compensating apparatus to change the direction of the force compo- 
nent of each of the two compensator units as well as the phase difference 
between the force components of the two compensator units, whereby it 
15 is possible to change both the direction and the magnitude of the resulting 
harmonic force component of the vibration-compensating apparatus during 
operation. 

Moreover, according to the invention, the rotary bodies of the two com- 
pensator units may have the same eccentric mass with the effect that the 
20 resulting harmonically varying force component can be adjusted in an 
infinitely variable manner between zero and four times the force provided 
by each rotary body. In this connection, it is particularly advantageous 
with respect to the production that the rotary bodies are identically 
shaped. 

25 Moreover, the rotary bodies of the two compensator units may according 
to the invention be arranged in a common housing. This embodiment is 
considered the most advantageous embodiment for achieving a vibration- 
compensating apparatus being as compact as possible. 
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Moreover, the axes of the rotary bodies may according to the invention be 
arranged such that they form the corners of a parallelogram, when seen in 
axial direction. This embodiment of the invention allows a particularly 
compact vibration-compensating apparatus, especially when the rotary 
5 bodies of the compensator unit according to a further embodiment of the 
invention are axially displaced in such a manner that diagonally arranged 
rotary bodies are arranged in the same plane, whereby the axes of each 
compensator unit may advantageously be interspaced in such a manner 
that the rotary bodies thereof sweep a common area when seen in the 
10 axial direction. In this connection, a further compactness can be obtained 
when the rotary bodies of the two compensator units not being in the 
same plane are also arranged such that they sweep a common area. In the 
latter case, however, it must be ensured that the diagonally arranged 
rotary bodies do not sweep a common area. 

1 5 Finally, each compensator unit may according to the invention comprise a 
sensor for at least each single driving motor driving the rotary bodies 
thereof, said sensor continuously detecting the position and the rpm of the 
rotary body/bodies driven by said driving motor, as well as a speed sensor 
continuously detecting the speed of the at least one driving motor or the 

20 rotary body/bodies driven thereby. 

Brief Description of the Drawings. 

The invention is explained in detail below with reference to the drawing, 
in which 

Fig. 1 is a diagrammatic, top view of an embodiment of a vibration-com- 
25 pensating apparatus according to the invention with four identical rotary 
bodies, 

Fig. 2 is a sectional view taken along the line A-A of Fig. 1, 
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Fig. 3 is a top view of the reference position of the rotary bodies, 

Fig. 4 illustrates the variation of the force component of each rotary body 
in the force direction of the vibration-compensating apparatus shown in 
Figs. 1 , 2, and 3, said force direction being vertical, as seen in Figs. 1 and 
5 3, 

Fig. 5 illustrates the resulting force component of the vibration-compensat- 
ing apparatus when said apparatus is set to provide maximum force, as 
shown in Fig. 3, 

Fig. 6 illustrates the resulting force component of the vibration-compensat- 
10 ing apparatus when said apparatus is set to provide half force, as shown 
in Figs. 1 and 2, 

Fig. 7 illustrates the variation of the resulting force of the vibration-com- 
pensating apparatus at a phase-displacement of the force, 

Fig. 8 is a diagrammatic, top view of the vibration-compensating appara- 
15 tus, when it is set to provide a resulting force displaced 30° relative to 
vertical, 

Fig. 9 is a diagrammatic view of the vibration-compensating apparatus 
according to the invention used for compensating for vibrations generated 
by an engine of a vessel, 

20 Fig. 10 is a diagrammatic, top view of a second embodiment of a vibra- 
tion-compensating apparatus according to the invention with four identical 
rotary bodies, and 



Fig. 1 1 is a sectional view taken along the line B-B of Fig. 10. 
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Best Mode for Car rying Out the Invention 



The embodiment of a vibration-compensating apparatus according to the 
invention shown in Figs. 1 , 2, and 3 comprises a housing 1 with a cylin- 
drical wall 2, an upper end wall 3, a lower end wall 4, as well as an inter- 
mediary wall 5. The end walls 3 and 4 are secured to the cylindrical wall 
by means of screws 6 shown by means of their centre line. An upper 
chamber 7 is formed between the upper end wall 3 and the intermediary 
wall 5, access to said chamber being allowed through openings 8 and 1 1 
in the cylindrical wall 2. The openings 8 and 1 1 can be closed by means 
of covers 9 and 12. A lower chamber 10 is formed between the intermedi- 
ary wall 5 and the lower wall 4. 



The lower end wall 4 comprises an outward recess 1 3 covered by means 
of a bottom cover 14 so as to form a lubricant chamber 15, from which 
lubricant is supplied to the bearings and gear wheels of the vibration-com- 
pensating apparatus through lubricant pipes not shown. Finally, the lower 
end wall 4 forms a projecting flange 1 6 provided with mounting openings 
17 shown by means of their centre line and used for bolting the vibration- 
compensating apparatus onto a base. 



Four shafts 18, 19, 20, 21 are arranged in the interior of the housing 1, 
20 the axes 58, 59, 60, 61 of said shafts being positioned in the corners of 
a parallelogram, when seen in axial direction. Two diagonally arranged 
shafts 1 8, 20 are supported by bearings arranged in the upper end wall 3 
and the intermediary wall 5. The remaining two diagonally arranged shafts 
19, 21 are supported by bearings arranged in intermediary wall 5 and the 
25 lower end wall 4. A rotary body 22, 23, 24, 25 is arranged on each shaft 
18, 19, 20, 21, said rotary bodies in the axial direction being shaped 
substantially as a sector of a circle and accordingly presenting an eccentri- 
cally positioned mass centre. 
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The shafts 18, 19, 20, 21 and the rotary bodies 22, 23, 24, 25 arranged 
thereon are furthermore arranged in such a way inside the housing 1 that 
the diagonally arranged upper shafts 1 8, 20 are interspaced such that their 
rotary bodies rotating in the same plane do not sweep a common area. 
5 However, the shafts 18, 19; 21, 20 of the two compensator units with 
rotary bodies rotating in different planes are arranged so close that the 
rotary bodies 22, 23; 24, 25 sweep a common area during their rotation. 
Correspondingly, the upper shaft 18, 20 of one compensator unit is arran- 
ged so close to the lower shaft 19, 21 of the second compensator unit 

10 that the upper rotary body 22, 24 of one compensator unit sweeps a 
common area with the lower rotary body 23, 25 of the second compensa- 
tor unit. The resulting vibration-compensating apparatus is very compact, 
and the base on which said apparatus is mounted is not subjected to furt- 
her moments, when the force direction of the vibration-compensating 

15 apparatus is changed. 

Each upper shaft 18, 20 extends through the upper end wall 3 and com- 
prises a projecting shaft end 26, on which a disk 27, 28 is mounted. Two 
motors 29, 30 with a variable rpm, such as servomotors, are mounted on 
the outer side of the housing. One motor 29 drives the disk 27 on the 

20 shaft end 26 of the shaft 18 by means of a disk 31 mounted on the out- 
put shaft thereof and a toothed belt 33. Correspondingly, the second 
motor 28 drives the disk 28 and consequently,the shaft 20 by means of 
a disk 32 mounted on the shaft end thereof and a toothed belt 34. The 
driving connections between the motors 29, 30 and the upper shafts 18, 

25 20 are shielded by means of shields 56, 57. 

Each lower shaft 1 9, 21 extends slightly into the upper chamber 7 through 
the intermediary wall 5. A gear wheel 36 is mounted on the shaft end 35 
accommodated in the upper chamber. The gear wheel 36 engages a mat- 
ing gear wheel 37 mounted on each of the upper shafts 18, 20 between 
30 the rotary body 22, 24 in question and the intermediary wall 5. The gear 
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wheels 36 on the shaft ends 35 of the lower shafts 1 9, 21 projecting into 
the upper chamber are releasably arranged so as to be released for rota- 
tion. The gear wheels 36 of the illustrated embodiment can be turned 
relative to the shaft ends 35 by pressurized fluid being fed through a 
5 channel 38 to the mounting area of the gear wheel 36 in question on the 
shaft end 35. The releasable gear wheels 36 can, however, be mounted 
by means of a wide range of different releasable shaft/hub connections, 
such as for instance a conical friction coupling or another connecting 
means which allows a fast release of the connection between the shaft 
10 and the gear wheel mounted thereon. A coupling releasable by way of 
remote control may advantageously be used between the gear wheel 36 
and the shaft end 35. Such a releasable coupling 39 is shown by means 
of dotted lines in Fig. 2. 



A first compensator unit is formed by means of the upper rotary body 22 

1 5 driven by one motor 29 and the lower rotary body 23 driven in opposite 
direction by means of the gear wheel connection. Correspondingly, a 
second compensator unit is formed by the second upper rotary body 24 
driven by the second motor 30 and the second lower rotary body 25 
driven in opposite direction by means of the gear wheel connection. The 

20 rotary body of each compensator unit generates a harmonically varying 
force component in vertical direction, as seen in Fig. 1, said force compo- 
nent varying between -1/4 F c and +1/4 F c , where F c is the maximum total 
force component of the vibration-compensating apparatus. The latter is 
shown in Fig. 4, where the position of the rotary bodies shown in Fig. 3 is 

25 used as reference position, for which reason said rotary bodies do not 
generate a force component in vertical direction at 0°, n and 2rr. Cor- 
respondingly, Fig. 5 shows the variation of the maximum resulting force 
component F c for the vibration-compensating apparatus, i.e. when the two 
compensator units are set so as to simultaneously provide the maximum 

30 force as shown in Fig. 3. In this connection, it should be mentioned that 
the vibration-compensating apparatus shown in Figs. 1 and 2 does not 



BNSDOCID: <WO 9606290A1_L> 



WO 96/06290 



. PCT/DK95/00340. 



10 



10 



15 



20 



25 



30 



BNSDOCID: <WO 9606290A1J_> 



provide its maximum force, but half force, because one compensator unit, 
i.e. the compensator unit including the rotary bodies 22 and 23, has been 
displaced -60° relative to the reference position in Fig. 3, in which the 
vibration-compensating apparatus provides its maximum resulting force, 
and the second compensator unit including the rotary bodies 24 and 25 
has been displaced +60° relative to the reference position. The latter 
appears from Fig. 6, in which the force component of the compensator 
unit comprising the rotary bodies 22 and 23 is shown by means of a 
broken line, the force component of the compensator unit comprising the 
rotary bodies 24, 25 is shown by means of a dotted line, and the resulting 
force component by means of a full-drawn line. 

Finally, four sensors 40, 41, 42, 43 are arranged in the cylindrical wall 2 
of the housing 1, said sensors detecting the passage of a point on the 
rotary bodies. The point is formed of a screw head 50, 51, 52, 53 of a 
screw screwed into the rotary bodies on a radial line through the eccentric 
mass centre thereof. In the present case, the sensors 40, 41 of one com- 
pensator unit are arranged so as to indicate a rotation of the rotary bodies 
22, 23 of 3/2/7 from the reference position shown in Fig. 3, and the sen- 
sors 42, 43 of the second compensator unit are arranged so as to indicate 
a rotation the rotary bodies 24, 25 of nil from the said reference position. 

In order to change the force direction of the resulting force component of 
the vibration-compensating apparatus relative to the direction shown in 
Figs. 1 and 3, the gear wheel 36 on the two lower shafts 19, 21 is relea- 
sed by pressurized fluid being fed thereto through their channels 38. Sub- 
sequently, the two upper shafts 18, 20 are turned twice the angle of the 
desired change of direction, and the gear wheels 36 of the lower shafts 
19, 21 is again fastened. Fig. 8 illustrates the position of the rotary bo- 
dies at a maximum resulting force after the latter has been changed + 30° 
relative to its direction shown in Figs. 1 and 3. A change of the force 
direction causes a simultaneous change of the point during the cycle of 
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the vibration-compensating apparatus at which the sensors detect the 
passage of the screw heads on the rotary bodies, when seen relative to 
the direction of the force. Thus, on each compensator unit the screw head 
51,53 of one of the rotary bodies 23, 25 passes the sensor 41, 43 a an 
5 angle of rotation later corresponding to the angular change of force direc- 
tion, and the screw head 50, 52 of the second rotary body 22, 24 passes 
the sensor 40, 42 the said angle earlier. After the change of the force 
direction, the magnitude of the resulting force can be changed by the 
changing the phase between the two compensator units, as explained 
10 above. 



Reference is now made to Fig. 9, where the control and the setting of a 
vibration-compensating apparatus according to the invention will be descri- 
bed in greater detail, the vibration-compensating apparatus of the example 
being used for counteracting the vibrations generated by the main engine 
15 of a ship or another excitation source on board the ship. 



A sensor 45 continuously detects a reference position on the main shaft 
47 of the main engine as well as the rpm thereof. The reference position 
may typically be the top position of the first cylinder measured on the 
main shaft 47 of the engine 46. The speed of the main engine 46 is also 

20 continuously detected by means of a speed sensor (pulse burst/sensor) 48. 
The position and the speed of the reference position is continuously detec- 
ted by a control and synchronizing device 49. In addition, the control and 
synchronizing device 49 continuously detects the speed of the motor 29 
of the first compensator unit and the motor 30 of the second compensator 

25 unit by means of speed sensors 54, 55, as well as the position and rpm of 
the four rotary bodies by means of the sensors 40, 41, 42, 43. Further- 
more, the control and synchronizing device is supplied with data on the 
phase difference between the excitation source to be compensated for and 
the reference position on the main shaft of the engine. 
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The signals measured on the main shaft 47 of the engine are compared in 
the control and synchronizing device 49 with the signals reflecting the 
speed of the servomotors 29 and 30 as well as with the signals from the 
sensors 40, 41, 42, 43 reflecting the position and rpm of the vibration- 
compensating apparatus. Based on the latter, the rotating speed of the 
motors 29, 30 of the compensator units is continuously adjusted in such 
a manner that the vibration-compensating apparatus runs synchronously 
with and with the desired phase angle relative to the main engine and 
consequently relative to the excitation source, and further such that it 
provides the compensating force desired for compensating for the im- 
mediate vibrations generated by the excitation source. 

When the magnitude of the force is to be changed, the synchronizing of 
one compensator unit is changed by a corresponding positive angle and of 
the second compensator unit by a corresponding negative angle, as pre- 
viously explained in connection with Figs. 1 , 3, and 6. The magnitude of 
the force can be changed either based on data encoded in the control and 
synchronizing device 49 in advance or based on signals transmitted to the 
control and synchronizing device 49 from a vibration-measuring device (for 
instance an accelerometer). A change of the magnitude of the force does 
not involve a change of the phase angle between the force and the refe- 
rence position on the engine provided the magnitude of the force is chan- 
ged in the manner described above. The magnitude of the force can, of 
course, also be changed merely by changing the synchronizing of one of 
the compensator units relative to the reference position. Thus, half force 
can also be obtained by changing the synchronizing of one compensator 
unit relative to the reference position by 120° and by not changing the 
setting of the second compensator unit. As a result, a phase displacement 
occurs of the force of the vibration-compensating apparatus and of the 
reference position on the marine engine, said phase displacement corre- 
sponding to half the angle which the synchronizing of the compensator 
unit is changed relative to the reference position, i.e. 60° in the present 
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case. When this method is used for changing the magnitude of the force, 
the data on the changed phase angle between the force of the vibration- 
compensating apparatus and the reference position on the engine is or will 
be entered in the control and synchronizing device 49. 



5 When the phase angle is to be changed, the synchronizing of both com- 
pensator units is changed corresponding to the desired phase angle. Thus, 
Fig. 7 shows an increase of the phase angle of the vibration-compensating 
apparatus relative to the main engine by +60°. The change of the phase 
angle can also be performed based either on data encoded in the control 
10 and synchronizing device 49 in advance or based on signals transmitted 
thereto from a vibration-measuring device. 



When the force direction is changed as described in connection with Fig. 
8, the phase angle is simultaneously correspondingly changed, by + 30° in 
the example referred to. After the change of the force direction, the same 
1 5 methods are used for setting the magnitude of the force and the phase, cf . 
above, but now relative to the force direction changed by +30°. 

The embodiment shown in Figs. 10 and 1 1 of a vibration-compensating 
apparatus according to the invention comprises a housing 101 with a 
cylindrical wall 102, an upper end wall 103, and a lower end wall 104. 

20 The upper end wall 103 is secured to the cylindrical wall by means of 
screws 106 shown by means of their centre line. The lower end wall 104 
comprises an outward recess 1 1 3 covered by means of a bottom cover 
114 so as to form a lubricant chamber 115. The lower end wall 104 
comprises furthermore a projecting flange 1 1 6 provided with mounting 

25 openings 1 1 7 shown by means of their centre line and used for bolting the 
vibration-compensating apparatus onto a base. 

Four shafts 118, 119, 1 20, 121 are arranged in the interior of the housing 
101, the axes 158, 159, 160, 161 of said shafts being positioned in the 
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corners of a square, when seen in axial direction. Each shaft is supported 
by bearings arranged in the upper end wall 103 and the lower end wall 
104. A rotary body 122, 123, 124, 125 is arranged on each shaft 118, 
119, 120, 121, said rotary bodies in the axial direction being shaped 
5 substantially as a sector of a circle and accordingly presenting an eccentri- 
cally positioned mass centre. The shafts 118, 119, 120, 121 and the 
rotary bodies 122, 123, 124, 125 arranged thereon are furthermore ar- 
ranged in such a way that during rotation no rotary body sweeps an area 
which is common with the area swept by a second rotary body during 
10 rotation. 

Each shaft 118, 119, 120, 121 extends through the upper end wall 103 
and comprises a projecting shaft end 126, on which a disk 127 is moun- 
ted. Four motors 128, 129, 130, 131 with a variable rpm, such as servo- 
motors, are mounted on the outer side of the housing 101. Each motor 
15 drives the disk 127 on the shaft ends 126 of the shafts 118, 119, 120, 
121 by means of a disk 132 mounted on its output shaft and a toothed 
belt 133. The driving connections between the motors 128, 129, 130, 
1 31 and the shafts 118, 119, 1 20, 121 are shielded by means of shields 
156. 

20 The rotary bodies 1 22 and 1 23 are driven in opposite directions by means 
of the motors 1 28 and 1 29 at the same rpm and form a first compensator 
unit. Correspondingly, the rotary bodies 125 and 124 are driven in oppo- 
site directions at the same rpm by means of the motors 131 and 1 30 and 
form a second compensator unit. As explained in connection with Figs. 1 

25 to 9, the rotary body of each compensator unit generates a harmonically 
varying force component in vertical direction, cf. Fig. 10, which varies 
between -1/4 F c and +1/4 F c , where F c is the maximum, total force com- 
ponent for the vibration-compensating apparatus. It should, furthermore, 
be mentioned that the vibration-compensating apparatus shown in Figs. 1 0 

30 and 1 1 is shown in a position corresponding to the vibration-compensating 
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apparatus of Figs. 1 and 2, i.e. a position, in which it provides half force, 
because the first compensator unit with the rotary bodies 122 and 123 is 
displaced -60°relative to the reference position of Fig. 3, and the second 
compensator unit with the rotary bodies 124 and 125 is displaced +60 c 
5 relative to the reference position. 

Finally, four sensors 140, 141, 142, 143 are arranged in the upper end 
wall 103 of the housing 101, said sensors detecting the passage of a 
point on the rotary bodies. The point is a screw head 1 50, 151, 152, 153 
of a screw screwed axially into the rotary bodies on a radial line through 

10 the eccentric mass centre thereof. In the present case, the sensors 140, 
141 of the first compensator unit with the rotary bodies 122, 123 are 
arranged so as to indicate a rotation of said rotary bodies 122, 123 of 
3/2^ from the reference position shown in Fig. 3, and the sensors 142, 
143 of the second compensator unit with the rotary bodies 124, 125 are 

1 5 arranged so as to indicate a rotation of said rotary bodies 1 24, 1 25 of nl2 
from said reference position. Furthermore, each of the motors 128, 129, 
130, 131 are provided with a speed sensor 164, 165, 166, 167 conti- 
nuously detecting the speed of the motor in question and consequently of 
the rotary body 122, 123, 124, 125 driven thereby. The position and the 

20 speed of the rotary bodies are as previously described in connection with 
Fig. 9 continuously detected by the control and synchronizing device 49. 

The magnitude of the resulting force component is as previously described 
changed by changing the phase difference between the first compensator 
unit with the rotary bodies 1 22 and 1 23 and the second compensator unit 

25 with the rotary bodies 124 and 125. The direction of the resulting force 
component of the vibration-compensating apparatus can be changed 
relative to the direction shown in Figs. 10 and 1 1 by changing the phase 
difference between the rotary bodies 122, 123 of the first compensator 
unit in such a manner that the screw head 1 50 on the rotary body 1 22 

30 passes the sensor 141 an angle of rotation earlier corresponding to the 
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intended angular change of the force direction, and furthermore in such a 
manner that the screw head 1 51 on the rotary body 1 23 passes the sen- 
sor 141 an angle of rotation later corresponding to the intended angular 
change of the force direction. Correspondingly, the phase difference be- 
5 tween the rotary bodies 124 and 125 of the second compensator unit is 
changed in such a manner that the screw head 142 on the rotary body 
124 passes the sensor 152 an angle of rotation earlier corresponding to 
the intended angular change of the force direction, and in such a manner 
that the screw head 53 on the rotary body 125 passes the sensor 143 an 

1 0 angle of rotation later corresponding to the intended angular change of the 
force direction. The change of the force direction is positive in the clock- 
wise direction shown in Fig. 10. Thus, when the force direction is to be 
changed 30° relative to vertical as shown in Fig. 10, the phase difference 
between the rotary bodies of the two compensator units is changed 30° 

15 in the manner described above. In practice, the latter is carried out by 
briefly accelerating and decelerating the rotational speeds of the rotary 
bodies in question, until the desired phase displacement has been ob- 
tained. It is thus possible during the running of the apparatus to change 
the magnitude as well as the direction of the resulting harmonic force 

20 component of the vibration-compensating apparatus. 

Concerning the control of the vibration-compensating apparatus relative to 
an excitation source by means of the control and synchronizing device 49, 
reference is made to the explanation related to Fig. 9 of the vibration-com- 
pensating apparatus shown in Figs. 1 to 8. 

25 The invention can be changed in many ways without thereby deviating 
from the scope thereof. Thus, the axes of the rotary bodies can be ar- 
ranged side by side and thereby in the same plane instead of coinciding 
with the corners of a parallelogram. As an alternative, the axes of the 
rotary bodies can be coaxially arranged. Moreover, the rotary bodies of the 

30 vibration-compensating apparatus can also rotate about horizontal axes or 
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inclining axes instead of about vertical axes. Finally, the compensator units 
can be arranged in separate housings instead of in a common housing. 
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Claims 



1 . A vibration-compensating apparatus for counteracting harmonic 
vibrations from an excitation source, such as vibrations generated by an 
engine of a vessel, said apparatus comprising a first compensator unit with 

5 two rotary bodies (22, 23; 122, 123) with the same eccentric mass, and 
rotating at the same rpm in opposite direction about mutually parallel axes 
so as to generate a harmonically varying force component in one direction, 
and a second compensator unit also provided with two rotary bodies (24, 
25; 1 24, 1 25) with the same eccentric mass and rotating at the same rpm 

10 as the rotary bodies (22, 23) of the first compensator unit in opposite 
directions about parallel axes parallel to the axes of the first compensator 
unit so as to generate a second harmonically varying force component in 
a direction parallel to the first harmonically varying force component, 
characterised in that the rotary bodies (22, 23; 122, 123) of the 

1 5 first compensator unit are driven by at least one first infinitely variable 
driving motor (29; 128, 129), that the rotary bodies (24, 25; 124, 125) of 
the second compensator unit are driven by at least one second infinitely 
variable driving motor (30; 1 30, 131), and that the vibration-compensating 
apparatus furthermore comprises a control and synchronizing device (49) 

20 for controlling the driving motors (29, 30; 128, 129, 130, 131) of the 
compensator units in such a manner that the rotary bodies rotate at an 
rpm which is a multiple of the frequency of the excitation source. 

2. A vibration-compensating apparatus as claimed in claim ^char- 
acterised in that the rotary bodies (22, 23) of the first compensator 

25 unit are driven by a single first driving motor (29) and are interconnected 
by means of a first transmission (36, 37) for rotation in opposite direc- 
tions, and that the rotary bodies (24, 25) of the second compensator unit 
are driven by a single second driving motor (30) and are interconnected by 
means of a second transmission (36, 37) for rotation in opposite direc- 

30 tions. 
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3. A vibration-compensating apparatus as claimed in claim 2, c h a r- 
acterised in that the transmission (36, 37) between the two rotary 
bodies (22, 23, 24, 25) of each compensator unit comprises a releasable 
connection allowing a rotating of the two rotary bodies relative to one 

5 another so as to change their mutual position. 

4. A vibration-compensating apparatus as claimed in claim 3, c h a r- 
acterised in that the releasable connection is a releasable coupling 
(39), which can be released by way of remote control during a running of 
the apparatus. 

10 5. A vibration-compensating apparatus as claimed in claim ^char- 
acterised in that each rotary body (122, 123) of the first compen- 
sator unit and each rotary body (124, 125) of the second compensator 
unit are driven by a respective driving motor (128, 129, 130, 131). 

6. A vibration-compensating apparatus as claimed in one or more of 
1 5 the preceding claims, characterised in that the rotary bodies (22, 

23, 24, 25; 122, 123, 124, 125)) of the two compensator units have the 
same eccentric mass. 

7. A vibration-compensating apparatus as claimed in one or more of 
the preceding claims, characterised in that the rotary bodies (22, 

20 23, 24, 25; 122, 123, 124, 125) of the two compensator units are ar- 
ranged in a common housing (1; 101). 

8. A vibration-compensating apparatus as claimed in one or more of 
the preceding claims, characterised in that the axes (58, 59, 60, 
61; 158, 159, 160, 161) of the rotary bodies (22, 23, 24, 25; 122, 123, 

25 1 24, 1 25) are arranged such that they form the corners of a parallelogram, 
when seen in the axial direction. 
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9. A vibration-compensating apparatus as claimed in claim 8, c h a r- 
acterised in that the rotary bodies of each compensator unit is 
axially displaced in such a manner that diagonally arranged rotary bodies 
(22, 24; 23, 25) are arranged in the same plane, and that the axes (58, 
5 59; 60, 61) of each compensator unit are interspaced such that their 
rotary bodies (22, 23, 24, 25) sweep a common area, when seen in axial 
direction. 



10. A vibration-compensating apparatus as claimed in one or more of 
the preceding claims, characterised in that each compensator unit 

10 (22, 23; 24, 25; 122, 123; 124, 125) comprises a sensor (40, 41, 42, 
42; 140, 141, 142, 143) for each driving motor (29, 30; 128, 129, 130, 
131) driving the rotary bodies thereof, said sensor detecting the position 
and the rpm of the rotary body/bodies driven by said driving motor, each 
compensator unit further comprising a speed sensor (54, 55; 164, 165, 

1 5 1 66, 1 67) for continuously detecting the speed of the at least one driving 
motor or the rotary body/bodies driven thereby. 
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